The increasing interest in stem cell research is linked to the promise of developing treatments for many lifethreatening, debilitating diseases, and for cell replacement therapies. However, performing these therapeutic innovations with safety will only be possible when an accurate knowledge about the molecular signals that promote the desired cell fate is reached. Among these signals are transient changes in intracellular Ca 2+ concentration [Ca 2+ ] i . Acting as an intracellular messenger, Ca 2+ has a key role in cell signaling pathways in various differentiation stages of stem cells. The aim of this chapter is to present a broad overview of various moments in which Ca 2+ -mediated signaling is essential for the maintenance of stem cells and for promoting their development and differentiation, also focusing on their therapeutic potential.
Introduction
Calcium (Ca 2+ ) is a ubiquitous intracellular signal responsible for controlling numerous cellular processes such as cell differentiation, proliferation, and apoptosis. At one level, its action is simple: cells at rest have a Ca 2+ of 100 nM but are activated when this level rises to roughly 1,000 nM. The immediate question is how can this elevation of Ca 2+ concentration regulate so many processes? The answer lies in the versatility of the Ca 2+ signaling mechanism in terms of speed, amplitude and spatiotemporal patterning [1] .
It is well known that Ca 2+ is important for cell differentiation and proliferation in mammalian somatic cells. However, [Ca 2+ ] i in stem cells has not been investigated until recent years [2] [3] [4] [5] . This research has attracted a high interest in the field because the evidence suggests that Ca 2+ signaling is related to cell proliferation and differentiation, which are important functions of stem cells. Recent studies have shown that stem cells have functional Inositol 1,4,5-trisphosphate receptor (IP3R)-regulated intracellular Ca 2+ stores. They are sensitive to stimulation with ATP, histamine, and platelet-derived growth factor and depend on Ca 2+ entry through store-operated channels (SOC) entry for refilling of their intracellular Ca 2+ stores.
The efforts of seeking a broader understanding about these cells are justified by the promising scientific advance that they are able to provide. Besides that their use is still a very controversial topic, both in therapy (due to security in its use without the promotion of carcinogenic effect), and in research (mainly due to the source of the cells to be used in research).
Through the elucidation of the molecular mechanisms in which second messengers (such as Ca 2+ ) act, the possibility of using stem cells can be improved, allowing better use of this important tool: in the repair of epithelial tissue after extensive lesions, in the treatment of degenerative diseases, in reduction on levels of immune rejection in transplantation, and even in research of mechanism of diseases, drug toxicology screening, among other purposes [6] .
What Are Stem Cells and How to Classify Them?
Stem cells are unspecialized cells that can proliferate while remaining as stem cells, or adopt the process of differentiation: relying on signals received from their neighborhood. To conceptualize them two main properties are considered: their ability to promote their selfrenewal in an unlimited way and their ability to terminally differentiate into a wide variety of specific cell types [7] .
The ways to classify such cells changes according to the scientific approach adopted by each group. In order to classify stem cells different classifying systems were suggested and to opt for one or other system, divide researchers' opinion. In this chapter we present a merge of the classification existing categories.
A Classifying System Based on the Obtaining Source of Stem Cells
The classification is required to reassemble the origins of pluripotent cells populations, that can be obtained from natural (blastocyst ICM (inner cell mass), niches from adult body, populations of cancer cells) or not natural sources (using cell and molecular biology as tools) (Fig. 40.1 ).
The stem cells derived from the ICM of blastocyst are said embryonic stem cells (ESC's): widely found in the developing embryo. Then, pluripotent stem cells can be obtained from
A Classifying System Based on the Potency of Stem Cells
This classification is based primarily on differences in stem cells' differentiation potential. The classes of stem cells regarding potency of cell lines are: totipotent, pluripotent, multipotent, unipotent. And some scientists also consider the omnipotent class.
Totipotent are the cells that exist from the zygote until the initial morula's blastomeres; these cells have the ability to originate any cell type. This totipotence ends before the blastocyst stage because, at this stage, it is already possible to identify two different cell types: the trophectoderm's cells and inner cell mass cells (pluripotent cells) [12] . Although omnipotent is not an universally accepted concept, there is still researchers who design this concept disagreeing with those who consider these cells totipotent. However, totipotent cells are capable of cellular self-organization (cells that have the ability to form a basic body plan through gastrulation) and omnipotent cells aren't capable of this self-organization; they are cells with the potential to generate all cell types (as well as totipotent cells), but nevertheless not necessarily these omnipotent cells must have potential for self-organization (unlike totipotent) [13] .
The pluripotent ICM cells have the potential to generate many, but not all, cell types [13] . They have lost some of their differentiation potency compared to the totipotent cells.
Multipotent cells are stem cells capable of self renewal, and that can differentiate into various cell types, but these types are limited to a specific tissue, organ or system; for example, the neural multipotent stem cells can differentiate into many cell types (glial cells and neurons), but all of them belong to neural lineage of cell differentiation [13] .
Unipotent cells are those capable of generating only one cell type when they adopt a differentiation route [8] . So, it is remarkable, that as the body develops from the embryonic stage of early morula to adult stage, there is a reduction in the capacity of differentiation of stem cells from an individual. That's because the genome, since the beginning of the progress of embryogenesis, becomes transcriptionally active and suffers epigenetic modifications with the passage of time; together these changes will control development since the embryonic stage until adult age.
As these changes occur, the vast majority of cells begin to originate specific transcriptomes, and differentiate into specific cell types; however, not all cells differentiate terminally. There are still somatic stem cells (SSCs) in adults and this occurs because the stem cells can undergo changes in their genomes, but not sufficient to promote total differentiation into a specific cell type; these changes in the genome can, nevertheless, promote a reduction in these cells potential for differentiation.
If stem cells do not receive signals to adopt a differentiation route it can continue as stem cells maintaining potency or adopt an alternative route: apoptosis (programmed cell death) [14] .
Alterations on Stem Cell's Transcriptome
The mechanisms and signaling pathways involved in controlling growth and differentiation of stem cells, are not fully elucidated. The various types of tyrosine kinase receptors (RTKs) and G protein-coupled receptor (GPCR) in the membrane of these cells allow a multitude of different ligands to join, specifically to their receptors, and trigger signaling pathways intracellularly. The different signaling pathways activated by these ligands, after integration of their individual messages, lead to a final cellular response: to maintain stem cells in their undifferentiated state, to conduct the cells to apoptosis, or cause them to adopt a route of cell differentiation. As an example of ligands that interact with these receptors there are several growth factors (as fibroblast grow factor 2 -FGF-2) and cytokines (as activin and leukemia inhibitory factor -LIF), among other signaling molecules [15] .
In this chapter will be addressed some signal transduction pathways, activated by these molecules, that lead to changes in gene expression profile of stem cells inducing: cellular differentiation, or the maintenance of these cells' pluripotency.
The Embryonic Stem Cells
The interest to search and isolate pluripotent cells derived from blastocyst on preimplantation stage emerged from studies of tumors in mice gonads. In the 1960s was achieved isolation of undifferentiated cells with: remaining expansion capacity when in culture with mitotically inactivated embryonic fibroblasts (iMEF), and multi-lineage differentiation capacity; these were called embryonic carcinoma cells (ECC) [7] .
From this first contact with these cells to the isolation of ESC in mice, it took more than 13 years [7] ; the first human embryonic stem cells, in turn, were only isolated in the 1990s: in 1998 [8] . As mentioned earlier in this chapter, the embryonic stem cells are derived from ICM, the blastocyst cell population responsible for originating extra embryonic tissue and tissues of the whole body.
How to Study ESC in Culture
To establish and maintain ESCs with normal karyotype and the ability to fully differentiate into functional cells, scientists generally start by plating undifferentiated ESC with the supply of factors capable of maintaining them undifferentiated in the medium, but also capable of allow their proliferation. That's way onto a "feeder layer" comprised of mouse embryonic fibroblasts, in addition to supplying as-yet-unidentified support factors also supplies LIF, which prevents ESC differentiation.
In order to maintain the undifferentiated status: LIF is added to the cultivation of mESC (mouse embryonic stem cell), or if the cells are hESC (human embryonic stem cell), and the cellular propagation takes place using manual microdissection; this latter procedure involves the use of a Pasteur's pipette, for example, to dissect individual hESC's colony into small fragments and then transfer them to new containers with fresh culture [6] .
Although, besides keeping the cell on non-differentiated stage, it is also important to promote the generation of specialized functional cells from the ESCs. However one of the great challenges that scientists face is to make this differentiation process be controlled and directed to a specific and unique cell type. In the following topics covered in this chapter the reader can get an overview of which are the mainly pathways that promote stem cell's differentiation into some specific cell types.
induced-Pluripotent Stem Cells (iPSCs)
The induced pluripotent stem cell (iPSC) is a kind of adult cells who suffered genetic reprogrammation to an embryonic stem cell-like state. These cells were first obtained in 2006 from mouse somatic cells [16] . In 2007, Yu et. al. reprogrammed somatic human cell nuclei to an undifferentiated state, and according to them, four factors (OCT4, SOX2, NANOG, and LIN28) are sufficient to reprogram human somatic cells to pluripotent stem cells embryonic stem cells-like [17] . Since these findings, researchers are looking for new ways to generate these cells, like using adenovirus [18] , bacterial artificial cromossomes [19] , and recombinant proteins [20] .
The possibility of iPSCs generation from somatic cells, avoids ethical difficulties on using embryonic stem cells in studies and future therapeutical applications; that is because iPSCs also have the ability to self-renew maintaining themselves undifferentiated, and to differentiate into various different cell types [21] .
Today there is a large number of studies using these cells trying to understand mechanisms and to find a treatment for degenerative and genetic diseases is huge [22] . But when it comes to the therapeutic use, iPSCs are not ready to be used; however are promising. It is expected that in a near future, iPSCs will be successfully used to treat, for example, brain tumor, neurological diseases [23] , and vascular diseases [10] .
Mechanistic Basis of Calcium Activity
Intracellular calcium controls many cellular processes, such as fertilization, gene transcription, muscle contraction and cell death. Changes in calcium levels may occur in microseconds or hours, and can be propagated through cells and tissues [1, 24] . In the neuronal function, calcium regulates excitability, excitotoxicity, synaptic transmission, gene expression and as well as cell death [25] . Although many growth factors and neurotrophic factors can influence neuronal differentiation, diverse lines of evidence suggest that neurotransmitters, induce variations in intracellular Ca 2+ , which is a key regulator of differentiation. Changes in concentration of free intracellular calcium resulting from spontaneous events or from regulated cell cascades, have been shown to initiate specific courses of cell behavior in many circumstances, such as in osteo-and neuronal differentiation of mesenchymal stem cells [26, 27] .
During advanced stages of development, intracellular calcium is involved in the induction of differentiation of individual cells. In contrast to the gradient of the calcium response for axial specification, rapid calcium increases induce differentiation, at least in neuronal and muscle cells [28] . In Xenopus, spontaneous calcium events produced by Ryanodine receptors (RYRs) during a brief period of development [29] , directs differentiation of myocytes in somites. The development of neurons also is regulated by these calcium events, which control processes such as the expression of channels and specific neurotransmitters [30, 31] , establishment of growth cones [32] and proper wiring of neuronal networks [33] .
It should be noted, however, that the elementary events that constitute intracellular Ca 2+ signaling -Ca 2+ Blips or Quarks [34, 35] , Puffs or Sparks [36, 37] , Intracellular Waves [38] -most probably form the basis of most of all subsequent intercellular signaling events [1, 39] . It is known that Ca 2+ has a regulatory function in the process of cell fate specification in the nervous system. For example, in spinal neurons from Xenopus embryos it was possible to identify two types of spontaneous calcium events which have been characterized both in vitro and in vivo: rapid increases of global [Ca 2+ ] i resembling action potentials, and small transient increases of calcium, called waves, which are generated in the growth cone. It has been demonstrated that global increases in calcium usually control the production of neurotransmitters and the maturation of potassium channels, while local calcium waves regulate neurite extension [30, 32] . Many of these effects of calcium are mediated by the regulation of phosphorylation of structural proteins [40] . Other effects, such as acquisition of a phenotype associated with the release of certain neurotransmitters probably require transcription [41] [42] [43] .
Increases in [Ca 2+ ] i occur due to influx of Ca 2+ through the plasma membrane or due to its release from intracellular stores, such as the endoplasmatic reticulum (ER) or, in muscle, from the sarcoplasmatic reticulum (SR). Calcium release from ER/SR is activated by many second messengers, among which is inositol-1,4,5-trisphosphate (IP 3 ) -a substance that stimulates and modulates activity of IP 3 receptor which release calcium from intracellular stores [44, 45] . When a calcium channel is opened, calcium levels increase in that region, and this micro-domain dissipates as soon as the channel is closed [45, 46] .
The highly localized events of opening and rapidly closing calcium channels are referred to calcium sparks or puffs, depending on the nature and location of the channels. Calcium signals can appear for two purposes: for either activate processes in the micro-domain that has high calcium levels or to recruit other channels in the cell, thus promoting an increase of global [Ca 2+ ] i . However, prolonged increases in [Ca 2+ ] i may be lethal, so cells use low amplitude calcium signals, or transient calcium signals, known as calcium oscillations. Cells can then use amplitude modulation (AM) or frequency modulation (FM) to decode the information contained in the calcium signal. In AM signaling, it is the amplitude of the calcium signal that initiates the cascade. This mode of signaling is generally considered less reliable than FM, leading to difficulties in detecting small increases in calcium slightly above noise levels, but cells have been shown to be able to respond to small increases in calcium [47] . In FM signaling, the frequency of calcium oscillations is used to propagate information. For example, in activated T cells it is used to optimize gene expression directed by nuclear transcription factors nuclear factors of activated T-cells (NF-AT) of the Oct/ octamer-associated protein (OAP) and of nuclear factor κB (NF-κB) [48, 49] .
Calcium could also be propagated from one cell to their neighboring cells through intercellular calcium waves. The spread of calcium waves across progenitor cell populations from brain could be exemplified by radial glial cells. Radial glial cell gap junction coupling is greatest during mid-neurogenesis and decreases in late neurogenesis [50] . However, this decrease in overall cell coupling is accompanied by an increase in gap junction hemichannel-mediated Ca 2+ waves. It has been shown that gap junction hemichannels mediate Ca 2+ waves in the developing VZ through the release of ATP that binds to purinergic P2Y1 receptors on neighboring radial glia, thereby activating an IP3-mediated release of Ca 2+ from internal stores [51, 52] . Interestingly, Ca 2+ wave frequency, size and distance increase in late neurogenesis [52] . The observation that similar levels and types of Cxs are expressed in mid-and late neurogenesis [53] [54] [55] suggests that Cx proteins are regulated at a molecular level such that they underlie the formation of gap junction-coupled clusters of cells during mid-neurogenesis and the hemichannel-mediated spread of Ca 2+ waves during late neurogenesis.
In 2010 Resende et al. reported Ca 2+ transients in G1 to S transition during cell cycle progression in diverse cell lines, including undifferentiated cells; on these cells the oscillations involve inositol 1,4,5-triphosphate receptors (IP3Rs) and L-type channels. This was an evidence that transients may be involved in stem cell's proliferation [56, 57] . The cell large capacity of convey a wide range of different information through a common cellular second messenger (Ca 2+ ), can consist in the fact that distinct variations in length, frequency and amplitude of oscillations in intracellular Ca 2+ concentration, encodes for different cellular responses. Understanding the mechanisms that regulate these oscillations and the processes involved in converting its effects on cellular responses, still at large process of research and development.
Flow of cellular information requires coordinated activity of a wide network of signaling pathways. Interaction between pathways provides complex non-linear outputs for a given combination of stimuli. Examples on the density of these interactions were shown by Natarajan and his group [58] . They demonstrated that various receptors, separated or in groups are able to: mobilize calcium, initiate cyclic adenosine monophosphate (cAMP) and cytokines synthesis and also to promote phosphorylation of a variety of proteins involved in signalization. These findings suggest that different external stimuli may converge in a relatively small number of interaction mechanisms to promote signaling.
In this way growth factors, hormones and drugs elicit cellular responses in the form of Ca 2+ oscillations, the frequencies of which are determined by the amount and type of the agent [59] [60] [61] [62] . Patterns of spontaneous and stimulated Ca 2+ transients drive transcription of specific genes [48, [62] [63] [64] , and stimulated cAMP transients directly or through BDNF [64] also regulate gene expression [65, 66] . It was shown that only certain bursts of Ca 2+ spikes generate a cAMP increase [67] . Which can be useful in understanding the coding of gene expression by interactions between Ca 2+ transients and cAMP oscillations. Higher frequencies of Ca 2+ spikes have been shown to control gene expression more directly via Ca 2+ -dependent kinases that are not efficiently activated by low frequencies of Ca 2+ transients. For example, cAMP increases induced by serotonin lead to translocation of PKA catalytic subunits into the nucleus of Aplysia neurons and gene expression underlying longterm facilitation [66, 68] . The theoretical model combining Ca 2+ oscillatory machinery and feedback regulation of cAMP synthesis, studied by Gorbunova and Spitzer [67] predicts the existence of low-frequency cAMP transients rather than high-frequency events [69, 70] . These results suggest that it could be fruitful to investigate interactions among other classes of second messengers, as tiers of messenger systems may be necessary to generate different patterns of transients that produce unique cellular responses to stimulation. Some discussion and works involving the Gα i/o -coupled receptors demonstrated that, activation of this signaling pathway, generating cAMP, would lead carcinoma stem cells to differentiate into neuronal cells [42, 71] , and neural stem cells to regulate neurite outgrowth [72] .
Expression Profile
Correlations between spatial patterns of Ca 2+ signaling and those of developmental gene expression represent perhaps the most exciting areas of research at present. It has been known for some time, from work with cultured cells, that Ca 2+ can activate signaling pathways in both the nucleus and cytoplasm to stimulate gene expression by different pathways [73, 74] , that it can function as an inhibitor as well as an activator of gene expression [75, 76] , and that the frequency as well as the amplitude of Ca 2+ transients is important for the regulation of gene expression [48, [76] [77] [78] . We suggest that many of the features of Ca 2+ -activated gene expression that are found in cultured cells might also be relevant to intact embryos. In T-cells, for example, oscillations enhance both the efficiency and specificity of signaling through the Ca 2+ -dependent transcription factors nuclear factor of activated T-cells (NFAT), Oct/Oap and nuclear factor kappa B (NF kappa B) in ways that are consistent with each factor's Ca 2+ dependence and kinetics of activation and deactivation [48] . In addition, in Xenopus embryos the expression of the early neural genes Zic3 and geminin were shown to be downregulated when Ca 2+ transients, which occurred at the right time and in the right place to be associated with neural induction, were blocked by specific L-type Ca 2+ -channel antagonists [79, 80] .
The expression profile of differentiating cells can reveal key factors involved in the neuronal differentiation process. Observations based on the construction of networks from gene per gene analyses also suggest that hematopoietic sources activate multiple programs that compete subsequently with other programs, although the way in which this competition is resolved is not clear [81] . Comparisons of initial and late differentiation events reveal an increase in the number of genes differentially regulated in the latter [82] . This can be explained by multiple initiating cell lines: initial cells from the differentiation still express genes that correlate with multiple lineages, but throughout later stages of differentiation programs that are not required are inactivated, while end markers of differentiation are activated. Clearly, many late functions, such as cell cycle control and constitutive machinery, will be the same for all differentiated cells [82] .
In order to understand the topology and the dynamics of transcriptional regulatory networks that control biological processes, one must focus on the following issues:
1. The identity and expression levels of overlap and interaction
How interactions change over time

The phenotypic impact of interrupting key overlaping points
The complexity of the eukaryotic transcriptional regulatory machinery reflects the many responses that it controls, but it also makes the understanding of these a networks a difficult task. This issue leads to obvious questions relates to the mechanisms through which a specific transcriptional response is triggered, including how a signaling pathway activates a transcription factor, how temporal specificity is generated, and the origins of a target.
For example, it is frequently assumed that the equilibrium state of a message RNA (mRNA) (measured in a microarray) is indicative of the rate at which transcription or even translation of a protein occurs. Moreover, it is also assumed that if a transcription factor is expressed it is active, even though dimerization, post-translational modifications and cytolocalization should also be considered. Even in the absence of knowledge about the architecture of a network it is possible to use the gene expression patterns to prove that the structural state of a complex network is natural, and to extract characteristic signatures of high dimensional stable attractor. It is not evident that such stable behavior can arise from the interactions of a large number of irregularly connected elements [83] , but an important result of the analysis of discrete genetic networks is that they provide the architectural characteristics of a global network. A complex network will produce spontaneously globally coherent patterns of gene activation, such as rapid deceleration of a group of relatively small stable attractors, instead of eventually visiting all the possible states [84] . The architectural characteristics of a network known to increase the regime of ordered behavior includes:
Few interactions [84].
Preferential use of certain groups of functions for regulatory interactions between
genes [84] .
3.
A topology without scale boundaries [85] .
These characteristics have been predominant in gene and protein networks. It has been verified that differentiation of embryonic P19 cells into neurons, and of HL60 cells into neutrophils [86] does not result from a simple transition state of a bi-stable state as described in the traditional model [87, 88] . Instead, cell differentiation in mammals seems to be a process of many steps in high dimension, a result which is consistent with the high connectivity of the cellular complex that sustains the regulatory genomic network. Studies in analysis revealed that differentiation is a process of many steps consistent with a model in which many keys are coupled along many states of space and dimensions, and that originates multiple stable stated which represent high dimensional attractors in the wide regulatory genomic network [84, 89] . Such an emphasis suggests a new way of specifying the many step processes of cell differentiation in a sequence of discrete meta stable intermediaries which evade conventional analysis of elapsed time of the entire population. The existence of a multi-stable and multi-dimensional behavior during cell differentiation in mammals has important implications in the way in which differentiation is interpreted and ultimately, in how commitment of stem cells during development occurs.
Major Pathways Involved in Maintaining Pluripotency of Embryonic Stem Cells in Culture
It is known today, as a result of various studies on embryonic stem cells of mice and humans, that the Wnt/β-catenin pathway is involved in maintaining pluripotency in both human and mice stem cells. The Wnt signaling pathway can activate a cascade of intracellular reactions triggered by the binding of Wnt proteins, and palmiltolated glycoproteins, to their receptors on the cell's membrane ( Fig. 40.2 ).
In mouse embryonic stem cells LIF/Signal Transducer and Activator of Transcription (STAT-3), bone morphogenetic protein (BMP)/Id and LIF/phosphatidylinositol 3-kinases (PI3K)-protein kinase B (Akt) pathways are also involved in maintaining cell's pluripotency and to study their influency on mESCs pluripotence, these cells can be cultured in the presence or absence of serum [90] ; when serum is present, the LIF (a serum derivative molecule) is responsible for triggering signaling pathways involving JAK, PI3K or mitogenactivated protein kinases (MAPK) [91] . In the first two situations, this molecule acts promoting the maintenance of cellular pluripotency, while in the latter situation, it induces their differentiation. In the absence of serum in cell culture, the pluripotency can be maintained through the combined addition of LIF and BMP4 into culture. As BMP4 join to its receptors, it leads to activation of Smad1, 5, 8, which in turns induce the activation of the transcription factor Id, thus maintaining the cell's pluripotency.
In hESC, the presence of LIF and BMP-4 in the culture medium is not sufficient to maintain pluripotency; according to results reported by Wei and colleagues, this fact is justified by differences in trancriptoma of murine and human cells. In human cells exogenous or cells' produced FGF-2, acts as an important signaling ligand for the maintenance of pluripotency [92] . This molecule can trigger the activation of MAPK and PI3K/Akt to do so [93] . Activin is also a ligand that leads to the maintenance of pluripotency through activation of Smad2, 3, which in turn lead to direct transcriptional activation of a gene for pluripotency: Nanog [92] . Signaling pathways that increases the expression of other genes from the transcription factors Oct4, Sox2, Klf4, cMYC and Lin28 are also relationated with promotion of pluripotency [10] .
When it comes to calcium, according to Todorova et al., lysophosphatidic acid (LPA), a potent mitogen present in serum, can evoke Ca 2+ mobilization from the endoplasmic reticulum through the phospholipase C (PLC) pathway on mESC. After binding to a Gprotein coupled receptor, LPA can induce the PLC activation and IP3 production. In the endoplasmatic reticulum IP3 finally stimulates Ca 2+ release inducing a signaling cascade which leads to the induction of cmyc expression. Additionally, the DNA synthesis is also increased by this ligand on these cells: it stimulates maintenance of pluripotency and the cell proliferation [94] .
Wnt, Frizzled Receptors and Ca 2+
The Wnt family of glycoproteins are able to promote the activation of Frizzled (FZD) receptors, a G protein-coupled receptors [95] , that are largely involved in embryonic development. The Wnt pathway, as seen earlier, is critical for maintenance of undifferentiated murine and hESC, for maintenance of large populations of these cells by stimulating their proliferation and suppressing their apoptosis.
Three possible well-characterized signaling pathways can be activated by this ligand on FZD receptors: canonical pathway-Wnt/β-catenin, FZD/planar cell polarity pathway, and FZD/Ca 2+ pathway.
It is unclear whether the initiation of this signaling pathway involves activation of phospholipases by GPCR and/or an increase in cGMP. It is known, however, that atypical protein kinase C (aPKC, a.k.a. PKCζ) is activated in this signaling pathway in a Ca 2+ -dependent mechanism [95] .
Major Pathways Involved in Differentiation of Embryonic Stem Cells in Culture
Through the MAPK pathway signaling cascade a ligand can trigger activation of cFos, cJun or Elk, thus inducing cell differentiation, and also inhibit the activity of transcription factor TBX3. This factor is responsible for activation of Nanog gene: a gene of paramount importance for the maintenance of pluripotency; then, with TBX3 inhibited the pluripotency is not maintained and the cell enters into a differentiation route [8] .
In human embryonic stem cells, induction of cell differentiation can occurs through signaling triggered for the association of the ligand BMP-4 to its receptor on the cell surface; this signaling pathway involves the participation of transcription factors Smad1,5,8 [8] .
Recently has been shown the involvement of REX1 on the regulation of proliferation/ differentiation of hMSCs through the suppression of p38 MAPK pathway. REX1 represses the expression of MKK3 (or MAPKK3 -an activator of p38 MAPK in hMSCs); so when it is present in high concentration, cell differentiation is suppressed and proliferation is stimulated. This marker also suppress Notch and STAT3 signaling [96] .
Li et al. results showed that in mouse embryonic stem cell besides being an important transcription factor for the maintenance of an undifferentiated state, Oct4 is also related to Erk/MAPK pathway (that is involved on ESC differentiation). Oct4, after binding of tetracycline (Tc) on surface receptors, has serine/threonine kinase 40 (Stk40) gene as a target gene and Stk40 can activate the Erk/MAPK pathway and induce extraembryonicendoderm (ExEn) differentiation in mESCs. Stk40 is also able to promote this kind of differentiation interacting with Rcn2 (a calcium binding protein), which activates Erk1/2 itself [97] .
Somatic Stem Cells
SSCs, or adult stem cells are found in already developed tissues and they are very rare which difficult their isolation for study. They have distinct characteristics from regular body cells due to their microenvironments and the expression of specific markers of some tissues, mainly related to the extracellular matrix (ECM) [98] ; these cells also have the ability to generate specialized cells of other tissues, a process also known as transdifferentiation.
There are several examples of transdifferentiation of SSCs that occur naturally. The most common occurrence is probably in cancer, resulting in different types of tumors. In this case, the patterns of gene expression result in a change of morphology and behavior, contributing to carcinogenesis. However, the mechanism by which transdifferentiation is activated is still unknown, although it is of great interest for application in cellular therapies [99] .
The interaction of stem cells with specific microenvironmental factors is a key mechanism in regulating the maintenance of their self-renewal and differentiation capacity. Many of the stem cells' differentiation mechanisms are analogous to the pathways that promote tumoriogenesis, which leads scientists to consider, in some cases, that the formation of a neoplasm can occur initially from stem cells [2] .
There are several types of adult stem cells such as epidermal, hematopoietic, cardiac, neuronal and mesenchymal [100] . The latter are found in the stroma of organs and is therefore also known as stromal stem cells [101, 102] . In this chapter will be discussed only the main types of stem cells and their mechanism of proliferation and differentiation, focusing on the ones related to Ca 2+ .
Ca 2+ Signaling in the Process of Hematopoietic Stem Cells' Differentiation
Among SSCs, the best characterized with regard to its mechanisms of differentiation are the hematopoietic stem cells (HSCs), found in bone marrow and umbilical cord blood.
The niche of HSCs is an anatomical unit located in the endosteum of the bone marrow cavity, which is composed of osteoblasts, osteoclasts and stromal fibroblasts, beyond others cells. In some studies it is evident the importance of osteoblasts to the development of HSCs [103] . These osteoblasts express high levels of Jagged-1, a ligand for Notch receptors. Activation of Notch1 has been shown to result in a greater degree of self-renewal of HSCs, probably by inducing the expression of a set of self-renewal genes, including HES1.
The conditional suppression of BMPR1 also leads to increased numbers of Ncadherin + CD45 − osteoblastic. Thus, signaling by BMP type IA BMPR complex, regulates the population of HSCs and consequently the size of the niche. A subpopulation of murine LSK cells also expressed N-cadherin, which interacts and forms a complex with β-catenin [90, 104] .
Wnt proteins have been used to maintain and expand mHSCs because they are potent inducers of β-catenin signaling. It is possible that under certain conditions, some metalloproteinases such as ADAM10 cause the breakdown of membrane-bound N-cadherin, thereby increasing β-catenin cytoplasmic pool, which will now be available to work in the canonical Wnt pathway (inducing expression of target genes, including cell cycle regulatory proteins). Together with β-catenin, cMYC, cMYB, JUNB, p18 and p27 are initially responsible by proliferation and differentiation of HSCs.
HSCs are sensitive to high levels of Ca 2+ , mainly due to the GPCRs receptors expressed on their membranes [105] . This kind of receptor is required to maintain HSCs near to the endosteal surface of bone. The MUC1 protein can initiate Ca 2+ signaling through association with its ligand ICAM-1; this suggests that MUC1 mediates cytoskeletal rearrangements to facilitate the interaction between HSC and its niches.
Once allocated and located within the niche, cytokines, and growth factors are secreted locally and direct the fate of stem cells, initiating a cascade of intracellular signals.
Transforming growth factor-β (TGF-β) is one of the few negative regulators of HSCs known. It keeps stem cells in a state of slow or idle activity partially blocking the expression of cytokine receptors on the cell surface [92] . The arrest of cell cycle regulation requires hHSCs p57. Furthermore, angiopoietin-1, produced by stromal cells, enhances HSCs capacity to become quiescent, through interaction with receptor RTKs.
FGF-1 in stem cells has the role of self-renewal and proliferation. After binding to its receptors some signaling pathways can be activated, including MAPK, STAT and PI3Ks [15] . Recent evidence indicates that members of the protein complex PCG play key role in normal hematopoiesis, and repress the expression of HOX gene in mice [106] ; this HOX gene is an important regulator of differentiation pathways. However, overexpression of HOXB4 in human cells was not related to any increase in expansion or to the promotion of myeloid differentiation [107] .
Cardiac Stem Cells and Dependence of Ca 2+ Signals
Regenerative cardiovascular medicine hopes that it will be possible to use this type of stem cells for therapeutic purposes. However, although they have great chances of being employed in cardiac reparative therapies, it is necessary first to confirm its expansion in vitro; a clinical application may only be possible after intensive research on this expansion. The accurate control of proliferation of these cells is necessary, because their number in cardiac muscle tissue is vanishingly small [108] .
In cardiac stem cells differentiation into cardiomiocytes, FGF and TGFβ factor's family are the main regulators. The activity of TAK, a protein that belongs to MAPK pathway, is stimulated by activation of TGFβ receptors. The TAK acts on the transcription factors ATF2 and CREB through the Ca 2+ responsive MAPK pathway [109] . ATF2 can also bind to the Smads to promote the expression of transcription factors responsible for the development of cardiac phenotype. P42/P44 MAPK pathway (ERK) is activated by FGFs, through Ras protein [110] (Fig. 40.3 ).
Wnt11 also participates in the process, acting through activation of Ca 2+ dependent pathway; this pathway include the participation of Ca 2+ /calmodulin-dependent protein kinase (CaMK)-II, PKC and JNK [111] .
Wnt proteins can also be repressors of cardiac differentiation and these proteins can be inhibited by antagonists such as Crescent and DKK1 (Dickkopf); the latter promotes differentiation into cardiomyocytes. However, Dishevelled, a mediator of the canonical pathway Wnt/β-catenin, which implies the β-catenin and transcription factor family TCF/ LEF, has recently been used to activate CaMK pathway by PCP (planar cell polarity) [108] .
Neural Stem Cells and the Ca 2+ Signaling
Neural stem cells (NSCs) have the ability to guarantee the proliferation of cells in the adult nervous system, also being responsible for both the formation of neuronal and glial components. The process of neuronal differentiation, after embryonic development, is restricted to specific brain regions such as the dentate gyrus of the hippocampus and the subventricular zone (where this kind of stem cell was first identified) [112] .
In development of NSCs, when these cells receives an external stimulus, often by growth factor binding to their receptors, there is an suppression on the expression of genes responsible for the pluripontent phenotype (mainly components of the Wnt pathway and transcription factors), whereas the genes that confer typical neurons characteristics are now widely expressed [113] . Some factors that promote neuronal differentiation, such as NeuroD, begin to act on the cell that is now differentiating.
The NeuroD binds to specific sequences of DNA when phosphorylated by CaMK (enzyme whose modulation activity is dependent on intracellular Ca 2+ ) [114] . At the same time begin to be expressed neuronal cytoskeleton binding proteins such as proteins from MAP family, for example MA1B; protein that is sensitive to Ca 2+
Future Perspectives and Conclusions
The use of stem cells as an alternative to treatments for diseases will change the medicine concepts currently known. The implementation of stem cells in cell substitution therapies will require a detailed understanding of the effect of growth factors on proliferation and differentiation of these cells in vitro and in vivo, particularly when it comes to be delivery to patient.
The proposed cell substitution in new clinical approaches involving the transplantation of exogenous stem cells to sites of disease, should be viewed with caution; however this promising new form of treatment should be considered due to the large potential of bring benefits to society.
Use of linear signal transduction pathways for developmental and cell differentiation control is dictated by the current information processing paradigm in cell biology lead us to rapidly reached its limits. The base of this paradigm emerged from experiments which demonstrated that soluble hormones and neurotransmitters present functional effects on cell regulation which are mediated by their binding to cell surface signaling receptors. However, more recent studies have clarified that calcium signaling pathways induced by calcium oscillations play equally important roles in the control of the cellular phenotype [27, [115] [116] [117] . Furthermore, cell shape regulates switching between different cell fates by inducing the same gene and calcium-dependent signal protein activity profiles that are activated by cell binding to specific growth factors and oscillating patterns. These observations, which can be combined with the increasing information available, but not interconnected, the processing of information within cell signaling networks emphasizes the need to build a more comprehensive and integrated model of cell regulation.
Calcium as an attractor in stem cells and progenitor cells drive the differentiation to great diversity of specialized neuronal cells and glial cells compositing a tridimensional complex cyto-architecture called brain. A great intrinsic signaling process is activated composed by neurotransmitter receptors, CaR, ROC, RYR, SOC, VOCC, NAADP or second messengers such as -DAG, 1,4,5IP3, cAMP, PIP 2 or even by modulation of kinase proteins, ERK or MAPK and enzyme, PLC. All the process is regulated by wakes and peak of calcium localized in micro-domains or in the role cell. In addition of it there are events such as amplitude and frequencies of calcium signalization. The study of the network of signalization is complex because each part of it can be involved in different levels of organization in different nets, organized around different attractors composing regulatory genetic networks which can be helpful to try understand the role process.
We suggest that further technical advances in several key areas will add greatly to our understanding. The first will be the continued development of Ca 2+ reporters that can be targeted to specific cell types within a developing embryo and to subcellular compartments within these cells. There have been some encouraging advances in this area [118, 119] . The second area for advancement will be the generation of targeted reporters that can be used as probes for non-invasive imaging of gene expression patterns in living embryos. Once again, advances are being made on this front. Dorsky et al. reported the development of a technique for long-term imaging of regulated gene expression in zebrafish [120] . Such probes could potentially be expressed in embryos along with a Ca 2+ reporter, and their activity simultaneously (or near simultaneously) imaged. The third area to be advanced will be the continuation of the development of reporters to visualize the activation of Ca 2+ -sensitive targets that mediate the crosslinking between Ca 2+ signals and other developmental signaling networks. Encouraging advances, such as the use of fluorescein (FL)-or green fluorescent protein (GFP)-linked calmodulin (CaM) probes [121, 122] , and the development of fluorescence resonance energy transfer (FRET)-based biosensors to monitor agonistinduced phospholipase C activation [123] , have been made in this area. The future, therefore, looks encouragingly bright for the continued exploration of developmental Ca 2+ signaling. 
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